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(54) DRY ETCHING OF SEMICONDUCTOR 
(57)Abstract 

PROBLEM TO BE SOLVED: To improve a product yield by 
preventing formation of black silicon. 

SOLUTION: Predetermined amounts of gases of HBr. SF6, SiF4 
and He02 are introduced into an etching chamber, a single sheet 
of substrates is etched and removed from the chamber, and a 
cleaning-exclusive dummy substrate having an Si02 layer formed 
on an Si substrate is placed in place of the etched substrate to 
carry out a single-wafer cleaning step CL1. The step CL1 includes 
a cleaning step 01 for 80 seconds, a seasoning step SI for 20 
seconds, and a purge step PI for 60 seconds. In the step CI, a 
reaction product adhered onto walls of the etching chamber is 
removed by etching using the SF6 gas. In the step SI, the 
atmosphere and substrate temperature are adjusted to remove the 
reaction product by etching in the step 01. In the step PI, the 
gases are made to flow in such a condition as not to generate a 
gas plasma, thereby removing foreign matter remaining as floating 
in the etching chamber after the step SI. As a result, a 
predetermined trench shape can be obtained without forming black 
silicon, and a product yield can be improved. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The etching process which carries out dry etching of said substrate in the approach of carrying 
oyt dry etching of the substrate which consists of silicon, It is carried out after termination of said etching 
process, and said substrate is discharged outside an etching chamber. Install a dummy substrate in said 
etching interior of a room, and it has the cleaning process which etches the resultant generated by said 
etching interior of a room according to said etching process. The dry etching approach of the semi- 
conductor characterized by installing the substrate etched into a degree in said etching interior of a room, 
and performing the following dry etching after termination of said cleaning process. 
[Claim 2] The etching process which divides into the process of multiple times and is performed in the 
approach of carrying out dry etching of the substrate which consists of silicon, It is carried out between 
said each etching process, and said substrate is placed out of an etching chamber Install a dummy 
substrate in said etching interior of a room, and it has the cleaning process which etches the resultant 
generated by the etching interior of a room according to said each etching process. The dry etching 
approach of the semi-conductor characterized by returning said substrate to said etching interior of a 
room, and performing the following etching process after said each cleaning process. 
[Claim 3] The dry etching approach of the semi-conductor according to claim 1 or 2 characterized by 
having the seasoning process which adjusts the ambient atmosphere of said etching interior of a roonn, and 
the temperature of said substrate while removing said resultant which was performed after said cleaning 
process and etched by said cleaning process from said etching interior of a room. 

[Claim 4] The dry etching approach of the semi-conductor according to claim 3 characterized by having 
the purge process which removes the foreign matter which adhered gas in the condition of it being carried 
out after said seasoning process and not generating the plasma, on the sink, the foreign matter which 
floats to said etching interior of a room, and said dummy substrate. 

[Claim 5] Said cleaning process, a seasoning process, and a purge process are the dry etching approach of 
the semi-conductor according to claim 4 characterized by being carried out also in lot-to-lot. 
[Claim 6] It is the dry etching approach of a semi-conductor given in olaim 1 characterized by the etch 
rate of said dummy substrate being smaller than the etch rate of said substrate in said cleaning process 
thru/or any 1 term of 5. 

[Claim 7] said cleaning process ~ the 1st cleaning process ~ this ~ the dry etching approach of a semi- 
conductor given in claim 1 characterized by consisting of the 2nd cleaning process performed by different 
pressure from the 1 st cleaning process thru/or any 1 term of 6. 

[Claim 8] Said cleaning process is the dry etching approach of a semi-conductor given in claim 1 
characterized by being carried out on the conditions which etch said resultant of a silicon oxide (Si02) 
system thru/or any 1 term of 7. 

[Claim 9] Said cleaning processes are 6 sulfur fluorides (SF6). Or 3 nitrogen fluoride (NF3) The dry etching 
approach of a semi-conductor given in claim 1 characterized by using the gas which contains a kind at 
least thru/or any 1 term of 8. 

[Claim 10] The dry-etching approach of the semi-conductor characterized by to have the purge process 
which removes the foreign matter which adhered gas on the sink, the foreign matter which floats to the 
etching interior of a room, and said substrate in the condition it is carried out between the etching process 
which divides into the process of multiple times and is performed, and each of said etching process, and do 



4iot generate the plasma in the approach of carrying out dry etching of the substrate which consists of 
silicon. 

[Claim 11] The gas used at said purge process is the dry etching approach of the semi-conductor 
according to claim 4 or 10 characterized by consisting of the presentation of the gas used at said each 
etching process, and an abbreviation EQC. 

[Claim 1 2] Said purge process is the dry etching approach of the semi-conductor according to claim 4 or 
10 which makes the same the gas presentation and flow rate in said each etching process, and is 
characterized by being carried out on the conditions which suspended supply of the power which generates 
the plasma. 

EClaim 1 3] Said purge process is the dry etching approach of the semi-conductor according to claim 4 or 
10 which are the conditions that the selection ratio to silicon oxide (Si02) is small, and is characterized by 
being carried out by enlarging the total quantity of gas flow to the conditions in said each etching process. 
[Claim 14] Said purge process is the dry etching approach of a semi-conductor given in claims 4 and 10 
characterized by having the process which performs stabilization of a pressure, and stabilization of a flow 
rate before going into the following etching process, or any 1 term of 1 3. 

[Claim 1 5] The dry etching approach of a semi-conductor given in claim 1 characterized by forming the 
silicon oxide (Si02) film in the front face of said dummy substrate thru/or any 1 term of 9. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention performs dry etching to a silicon (Si) substrate, and relates to the 
approach of forming a trench (deep groove), a deep hole. etc. on a substrate. Especially, it is stabilized for 
every sheet and related with the approach of etching. 

[0002] J 
[Description of the Prior Art] In order to carry out insulating separation of the inside of the semiconductor 
device formed on the silicon substrate conventionally, forming a trench in a substrate by etching is 
performed. Although this trench is formed of etching, it is set to the conditions, i.e., the conditions into 
which Si02 is hard to be etched, that the etching velocity ratio (selection ratio: (etch rate of Si) /(etch 
rate of Si02)) of the etched material to the mask which consists of Si02 is high, and he etches it only in 
the depth direction alternatively, and is trying to acquire the shape of a quirk of a high aspect ratio. 
However, In order to etch by this approach, generating the resultant of Si02 system (1) Condensation of a 
resultant, and (2) Exfoliation of the resultant deposited on the etching interior of a room, (3) The 
desorption of Si02 from a mask etc. becomes the main causes, and the foreign matter of Si02 system 
accumulates on an etched part. There is a problem that this foreign matter serves as a mask of etching, 
and the part which is not etched, i.e., the etch residue called black silicon (Si), occurs. The generating 
process of this etch residue is typically shown in drawing 1 5 . 

[0003] If a trench 3 is formed by etching the etched section 6 ( drawing 15 (a)) to which opening of the 
predetermined field of the mask 1 formed on the silicon substrate 2 was carried out and a foreign matter 5 
accumulates on a trench 3 during this etching ( drawing 15 (b)). henceforth, a foreign matter 5 will serve as 
a mask at the time of etching, and the column-like black (etch residue) Si 4 will be generated ( drawing 15 
(c)). When the magnitude of this black Si 4 is large, proper separation width of face is not obtained, but the 
insulating separation between components becomes difficult. Moreover, it increases, so that the yield of 
black Si 4 has much generating of a foreign matter, and the probability for poor insulation to occur in 
connection with this also becomes high. Therefore, black Si 4 becomes easy to generate the etching 
conditions which a resultant tends to generate. In order to etch generating the resultant of Si02 system by 
trench etching, the probability for Black Si to be generated is high. Since it was etching after it was not 
covered with a mask but etched material had been exposed in order that the range of several mm might 
remove a resist from the periphery of a substrate at the pattern formation process of a mask 
conventionally, as compared with trench width of face. Black Si may be generated into a large part, and 
when those blacks Si break in a back process, it may become a source of a foreign matter. 
[0004] In order to solve this, how to suppress generating of a foreign matter can be considered by leaving 
Si02 mask to the substrate periphery section. However, in order that the rate of the area of an etched 
part to substrate area may become small and the amount of generation of a resultant may decrease by 
etching into the substrate periphery section by leaving Si02 mask, it becomes a low selection ratio. 
Therefore, since etching of Si02 mask increases, in order to control this, it is necessary to change etching 
conditions into the etching conditions whose amounts of resultants increase, i.e.. the conditions of a high 
selection ratio. The flow rate of SiF4 gas and 02 gas is made to specifically increase. Moreover, since 
there is an inclination for the edge section of a mask to be deleted by the effectiveness of sputter etching 
as the periphery section of a substrate, if the path of a substrate becomes large, in order to protect a 



-mask, it is necessary to change etching conditions into the conditions of a high selection ratio. However, 
with condition modification of this selection ratio, the amount of generation of a resultant will increase, the 
amount of the foreign matter adhering to the etched section will increase, the yield of Black Si will 
increase, and poor insulation will occur. 

[0005] Thus, although what is necessary is just to control generating of a resultant in order to suppress 
generating of Black Si, if it is going to control a resultant, it will become a low selection ratio, and if it is 
going to make it a high selection ratio, generating of a resultant will increase. The technique currently 
indicated by JP.8-1 7804,A is known as an approach of solving the problem which is these-contrary. By this 
etching approach, an etched substrate is laid in a chamber, and it is F. After removing the natural oxidation 
film which cleaned by plasma discharge using system gas, and was exposed on Si substrate, and the 
resultant which adhered in the chamber by trench etching of the last substrate, they are CI system and I. It 
is considering as the configuration which performs trench etching of the following substrate using the gas 
containing a system and Br system. By removing this natural oxidation film, a good trench configuration is 
acquired, by removing the resultant which adhered in the chamber, deposition of a resultant is prevented 
and stable etching is enabled. 
[0006] 

[Problem(s) to be Solved by the Invention] However, when it cleans where an etched substrate is installed 
in a chamber since etching by F system gas is isotropic, the trench configuration of an etched substrate 
changes and there is a problem that a trench cannot be formed with a sufficient precision. 
[0007] Therefore, the purpose of this invention is realizing the dry etching approach which enabled it to 
form the trench of an etched substrate with a sufficient precision by taking out an etched substrate from 
the inside of a chamber, and cleaning by installing a dummy substrate in a chamber in view of the above- 
mentioned technical problem. 
[0008] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, according to the 
means according to claim 1. in the approach of carrying out dry etching of the substrate which consists of 
silicon, dry etching of the substrate is first carried out by the etching process: And a substrate is 
discharged by the cleaning process outside an etching chamber after termination of an etching process, a 
dummy substrate is instead installed in the etching interior of a room, and the resultant generated by the 
etching interior of a room is etched. After termination of this cleaning process, the following substrate is 
installed in the etching interior of a room, and the following dry etching is performed. Thus, since the 
resultant by dry etching is removed for every sheet by the cleaning process, deposition of a resultant can 
be reduced and the yield of the foreign matter which considered exfoliation of the resultant adhering to the 
etching interior of a room as the reason can be reduced. Thereby, generating of black silicon is controlled 
and between components can be insulated good. Moreover, at a cleaning process, since the etched 
substrate is placed out of an etching chamber, a trench configuration cannot change with cleaning 
processes and the precision of a trench configuration can be raised. 

[0009] According to the means according to claim 2, it has the etching process which divides into the 
process of multiple times and is performed, and the cleaning process which etches the resultant which was 
performed between each etching process, placed the substrate out of the etching chamber, and was 
generated by the etching interior of a room according to each etching process, and after each cleaning 
process, a substrate is returned to the etching interior of a room, and then an etching process is 
performed. When the resultant adhering to the etching interior of a room is etched by the cleaning process 
by this, the yield of the foreign matter which considered exfoliation of the resultant adhering to the etching 
interior of a room as the reason can be reduced. Moreover, since division activation of the etching process 
is carried out, the etching time in each etching process can be shortened, the amount of the foreign matter 
generated in each etching process can be reduced, and generating of Black Si can be reduced also by this. 
[0010] According to the means according to claim 3, after a cleaning process, while removing the resultant 
etched by the cleaning process from the etching interior of a room, it has the seasoning process which 
adjusts the ambient atmosphere of the etching interior of a room, and the temperature of a substrate. 
Since the suspended matter of the etched resultant is removed from the etching interior of a room by this, 
the yield of the foreign matter which considered suspended matter as the reason can be reduced. 
Moreover, since the ambient atmosphere of the etching interior of a room and the temperature of a 
substrate are adjusted, promptly, it is stabilized and the etching process after a seasoning process can be 



performed. . 
[001 1] According to the means according to claim 4, it has the purge process which removes the foreign 
matter which adhered gas in the condition of not generating the plasma, on the sink, the foreign matter 
which floats to the etching interior of a room, and the dummy substrate after a seasoning process. 
Thereby, the foreign matter which adhered on the dummy substrate, and the foreign matter which floats to 
the etching interior of a room can be reduced more. 

[0012] Since the resultant deposited on the etching interior of a room by performing a cleaning process, a 
seasoning process, and a purge process to lot-to-lot can be removed more effectively according to the 
means according to claim 5. an etching chamber is opened wide, washing becomes unnecessary, and 
manufacture effectiveness improves. 

[0013] According to the means according to claim 6. by making it smaller than the etch rate of a substrate, 
the etch rate of a dummy substrate can control the consumption of etchant, and can remove a resultant 
effectively at a cleaning process. 

[0014] According to the means according to claim 7. a cleaning process consists of the 1st cleaning 
process and the 2nd cleaning process performed by different pressure from the 1st cleaning process. Since 
directivity is strong when the resultant deposited on the etching interior of a room is removed by 
homogeneity and a cleaning process is performed under low voltage conditions by this, since it is isotropic 
etching when a cleaning process is performed under high-pressure conditions, the resultant deposited on 
the center section of the etching chamber is removed. Thus, a resultant can be more effectively removed 
with constituting a cleaning process from two processes that pressures differ. 

[0015] According to the means according to claim 8. the resultant adhering to the etching interior of a 
room is more removable to fitness by performing each cleaning process on the conditions which etch the 
resultant of Si02 system. 

[0016] According to the means according to claim 9, it is SF6. Or NFS By performing a cleaning process 
using the gas which contains a kind at least, the volatilization removal of the resultant adhering to the 
etching interior of a room can be carried out good. 

[0017] According to the means according to claim 10. it is carried out between the etching process which 
divides into the process of multiple times and is performed, and each etching process, and dry etching of a 
silicon substrate is performed using the purge process which removes the foreign matter which adhered 
gas on the sink, the foreign matter which floats to the etching interior of a room, and the substrate in the 
condition of not generating the plasma. Thereby, by establishing a purge process between each etching 
process, while removing the foreign matter which adhered on the substrate, the foreign matter which floats 
to the etching interior of a room can be reduced in the condition at the time of etching initiation, and 
generating of the black Si formed considering a foreign matter as a mask can be reduced. Moreover, since 
an etching process is divided, the etching time in each etching process can be shortened, the amount of 
the foreign matter generated in each etching process can be reduced, and generating of Black Si can be 
reduced also by this. 

[0018] According to the means according to claim 11, the etching process after a purge process can be 
promptly performed by performing a purge process using the gas used at each etching process, and the gas 
which consists of the presentation of an abbreviation EQC. 

[0019] According to the means according to claim 12. the foreign matter which floated to the foreign 
matter which controlled etching to a substrate and adhered to the substrate, and the etching interior of a 
room is removable good by making the same the gas presentation and flow rate in each etching process, 
and performing a purge process on the conditions which suspended supply of the power which generates 
the plasma. Moreover, since the flow rate of each gas is uniformly held in an etching process and a purge 
process, more promptly, from the beginning, it is stabilized and the etching process after a purge process 
can be performed. 

[0020] It is possible better and to remove the foreign matter which floats to the foreign matter which 
adhered on the substrate, and the etching interior of a room at a high speed, controlling etching to a 
substrate to the conditions in each etching process by being the conditions that the selection ratio to Si02 
is small, and enlarging the total quantity of gas flow, and performing a purge process according to the 
means according to claim 13. 

[0021] According to the means according to claim 14, by having the process which performs stabilization of 
a pressure, and stabilization of a flow rate, still more promptly, it is stabilized and a purge process can 



-perform the etching process after a purge process, before going into the following etching process. 
[0022] It is SF6 by forming Si02 film in the front face of a dummy substrate according to the means 
according to claim 15. If it etches using gas, since the etch rate to Si02 is smaller than the etch rate to Si. 
it is SF6. Consumption of gas is controlled and the removal effectiveness of a resultant can be raised. 
[0023] 

[Embodiment of the Invention] 

(The 1 St example) This invention is hereafter explained based on a concrete example. RIE as shown in the 
typical sectional view of drawing 1 as a dry etching system (Reactivelon Etching: reactive ion etching) 
Equipment was used. RIE It is ECR (Electron Cyclotron Resonanse) to instead of. Equipment and ICR 
tinductivity Coupled Plasma) Equipment etc. may be used. In drawing 1 , the up electrode 304 and the 
lower electrode 305 are in an etching chamber 301, the target substrate 308 is arranged to this lower 
electrode 305, the etching gas described below from a gas inlet 302 is introduced, and it is discharged from 
an exhaust port 303. An oxide film 7 is embedded in the Si substrate 2, the mask 1 which consists of Si02 
in which the etched field carried put opening is formed on the Si substrate 2 (refer to drawing 15 ). and a 
substrate 308 is fixed by the clamp 309 (refer to drawing 5 ). Between an electrode 304 and 305, the power 
of 1 3.56 MHz is supplied from RF generator 306. the gas plasma arises between an electrode 304 and 305, 
and etching of a substrate 308 is performed. In addition, this RIE Equipment is a magnetron method with 
which the magnetic coil 307 is arranged around the etching chamber 301. In addition, the equipment shown 
in drawing 1 is used also in each below-mentioned example. 

[0024] Above RIE the etching gas used in equipment — HBr and SF6 02 gas (it is hereafter described as 
"helium and 02 gas") containing SiF4 and helium gas it is — it etched on the conditions shown in drawing 
3 . helium and 02 gas — helium:02 7:3 although the mixed gas of a configuration was used, if a flow rate is 
controllable — O — other inert gas may be included independently 2 gas. 

[0025] In this example, whenever it ended etching to one substrate, it considered as the configuration 
which established the dry-cleaning process using the dummy substrate only for cleanings. As an example, 
the process flow in this example is shown in drawing 2 . In this example, the etched substrate 308 is taken 
out from the inside of an etching chamber 301 after termination of etching of one substrate, the dummy 
substrate only for cleanings with which Si02 was instead formed on Si substrate is arranged in a location 
with a substrate 308. and the sheet cleaning process CL 1 is performed After this sheet cleaning process 
CL 1 performed the cleaning process CI for 80 seconds, it was considered as the configuration which 
performs the seasoning process SI for 20 seconds, and performs the purge process PI for 60 seconds 
after that. 

[0026] The operation conditions in each processes CI. SI. and PI are shown in drawing 4 . As shown in 
drawing 4 . at the cleaning process CI, a gas presentation is SF6. It is SF6 about the resultant which is a 
chisel and adhered to the wall and clamp 309 of the up electrode 304, the lower electrode 305. and an 
etching chamber 301. It is the process removed by used etching. Since the resultant of Si02 system which 
adhered in the etching chamber 301 during etching is removed by this cleaning process CI, it is possible to 
prevent adhesion in the etched section of the foreign matter which considered exfoliation of the resultant 
which adhered in the etching chamber 301 during etching of the following substrate as the reason. The 
seasoning process SI is performed on gas conditions similar to etching conditions, and removal out of the 
etching chamber 301 of the resultant etched at adjustment of the ambient atmosphere in an etching 
chamber 301, adjustment of substrate temperature, and the cleaning process 01 is performed. In this 
example, the gas conditions of the seasoning process SI lessen HBr which contributes to formation of a 
resultant as compared with etching conditions, and gas supply volume of SiF4 and 02, and the newly 
generated amount of resultants was made to lessen them. Gas was passed in the condition of the purge 
process PI supplying gas on conditions similar to etching conditions, and not outputting RF power, 
considering it as the configuration which does not generate a magnetic field, therefore not generating the 
gas plasma. The purge process PI removes the foreign matter which remains in the condition of having 
floated in the etching chamber 301 after the seasoning process SI. 

[0027] In this example, the substrate whose front face is Si02 is used as a dummy substrate only for 
cleanings. SF6 Since the etch rate to Si is larger than the etch rate to Si02. if Si substrate is used for gas. 
SF6 will be consumed by etching of Si substrate, and the removal effectiveness of a resultant will fall. 
Therefore, it is SF6 by using the dummy substrate whose front face is Si02. Consumption of gas is 
controlled and the removal effectiveness of a resultant can be raised. Moreover, also in the seasoning 



.process SI, since it will newly become easy to generate a resultant if the dummy substrate which consists 
of Si is used, since the etch rate of Si is large, it is desirable to use the dummy substrate whose front face 
is Si02 also in this case. 

[0028] At this example, a dummy substrate oxidizes Si substrate thermally and is 0.95 micrometers. CVD 
after forming Si02 of thickness It is 1 by law. mum The thing in which Si02 was formed was used. The 
Amount of shaving of Si02 of a dummy substrate was 15A at 1250A and the seasoning process SI in the 
cleaning process CI. For this reason, it can be used for 15 times of sheet cleaning processes with one 
dummy substrate. 

[0029] In the former, when it etched where a substrate 308 is fixed by the clamp 309 as shown in drawin g 
5 (a), as shown in drawing 5 (b), the resultant 310 accumulated in the etching chamber 301 (a clamp 309 
top is included) during etching, and exfoliation of the resultant 310 had become a source of particle. In this 
example, by etching a resultant 310 by cleaning for every sheet using the dummy substrate 311, as shown 
in drawing 5 (c), a resultant 310 does not accumulate, but particle can be reduced. Consequently, the etch 
residue which considered particle as the reason can be reduced. It sets after dry etching termination of 
one lot which consists of 25 substrates 308, and drawing 6 is the deposition field of the resultant 310 on a 
clamp 309, and 0.3. mum It is the explanatory view having shown the number of the particle of the above 
magnitude. A lot of resultants 310 accumulate on the large field on a clamp 309 in the former, consequently 
it is about 700 in the field of a substrate 308. Although there was particle of an individual, in this example, 
the resultant 310 accumulated only on the inner circumference of a clamp 309, and the number of particle 
has been reduced to 30 pieces. 

[0030] (The 2nd example) The description of this example is the point of having enabled it to remove more 
the resultant which established two steps of cleaning processes and was deposited on the etching interior 
of a room to fitness. Drawing 7 is the mimetic diagram having shown the process flow in this example. In 
this example, the sheet cleaning process CL 2 is performed for every sheet using the dummy substrate 
only for cleanings. As for the sheet cleaning process CL 2, the 1st cleaning process C21, the 2nd cleaning 
process C22, the seasoning process S2, and the purge process P2 are performed in order. At each 
processes C21, C22, S2, and P2, it is taken out from the inside of an etching chamber 301, and the 
substrate 308 which etching ended like the 1st example arranges the dummy substrate 311 instead, and is 
performed. 

[0031] Drawing 8 is drawing having shown the conditions of each processes C21, C22, S2, and P2. The 1st 
cleaning process C21, the seasoning process S2, and the purge process P2 are set as the respectively 
same conditions as the cleaning process CI in the 1st example, the seasoning process SI, and the purge 
process PI . The 2nd cleaning process C22 is performed on condition that low voltage and high RF power 
as compared with the 1st cleaning process C21. By this, the plasma is centralized on the center section of 
the etching chamber, the physical etching effectiveness is heightened, and removal of the deposit near a 
substrate is enabled. 

[0032] Drawing 9 is the related Fig. having shown the deposition situation of the resultant 310 which 
remained on the conditions (a pressure and time amount) of cleaning, and the clamp 309 after dry etching 
termination of the lot which consists of 25 sheets. A resultant 310 remains in the inner circumference of a 
clamp 309 only by etching under the pressure (300mTorr) used at the 1st cleaning process C21 so that it 
may see in this drawing. On the other hand, a resultant 310 remains in the periphery of a clamp 309. and 
the lateral portion of a pawl only by etching under the pressure (lOOmTorr) used in the 2nd cleaning C22. 
On low voltage conditions, although it is effective in removal of the deposit of the center section of the 
etching chamber, this result shows that removal of the deposit in a periphery is difficult, in order that a 
surrounding plasma consistency may decrease. Moreover, although the deposit of the etching interior of a 
room is removable to homogeneity on high-pressure conditions since it is comparatively isotropic etching, 
it turns out that the removal in the center section of a substrate with much alimentation is difficult. 
Therefore, the deposit of the etching interior of a room is efficiently removable by combining the 1st 
cleaning process C21 performed under high-pressure conditions, and the 2nd cleaning process 022 
performed under low voltage conditions. 

[0033] On low voltage conditions, while the etch rate of the deposit in the center of an etching chamber 
becomes large, the etch rate of Si02 on a dummy substrate also becomes large. For this reason, as for 
etching time, it is desirable to make it necessary minimum. In this example, time amount of the 2nd cleaning 
process 022 was made into 1 5 seconds. Moreover, a dummy substrate is 0.95 micrometers by thermal 



.oxidation on Si substrate. Si02 is formed and they are after that and CVD. It is 2 micrometers by law. The 
substrate in which Si02 was formed was used. Si02 in the sheet cleaning process CL 2 in this example 
could be deleted, and the amount was 1850A per time. For this reason, dummy substrate 1 It can use for 
15 times of the sheet cleaning processes CL 2 by **. Thus, by establishing two steps of cleaning 
processes C21 and C22, as shown in drawing 6 , the resultant 310 deposited on the clamp 309 was 
removable to extent which cannot be checked visually. Moreover, the number of particle has also been 
fprther reduced from the 1st example. In addition, although the 1st cleaning process C21 was performed 
with high pressure and the 2nd cleaning process C22 was performed with low voltage at this example, it is 
good also as a configuration which performs the 1st cleaning process C21 with low voltage, and performs 
the 2nd cleaning process C22 with high pressure. 

[0034] (The 3rd example) In this example, the description is that it applied to lot-toHot cleaning. At this 
lot-toHot cleaning process, a substrate is taken out from the etching interior of a room like the 1 st 
example, and a dummy substrate is arranged instead in the etching interior of a room. As shown in drawing 
2 , the lot-to-lot cleaning process R1 is used for removal of the resultant which remains to the etching 
interior of a room after dry etching termination of one lot. The flow of this cleaning process R1 is the same 
as that of the 2nd example, and shows the conditions of each process to drawing 10 . As shown in drawing 
10 . the resultant of the etching interior of a room is more removable to fitness by sequential execution of 
the 1 st cleaning process, the low-pressure 2nd cleaning process, a high-pressure seasoning process, and a 
high-pressure purge process being carried out. The resultant of the etching interior of a room can be more 
effectively removed by combining this 3rd example and the 1st or 2nd above-mentioned example. Although 
the etching chamber was opened wide and washed by the former by this when the resultant of the etching 
interior of a room was not able to be removed, the frequency of such an activity can be reduced and 
manufacture effectiveness can be raised more. 

[0035] (The 4th example) In this example, the description is in the point of having made it reduce the 
alimentation to the etched section of a foreign matter, by establishing the process which removes the 
resultant which adhered in the etching chamber 301 between the etching processes divided into multiple 
times. Drawing 1 1 (a) is the mimetic diagram having shown the process flow in this example. First, it is the 
etching process El at the conditions shown in drawing 3 600 It carries out during a second, and after this, 
a substrate is taken out from the etching interior of a room, the dummy substrate with which Si02 was 
instead formed on the substrate is arranged, and the cleaning process CI is performed for 80 seconds. A 
gas presentation is SF6 as the conditions of this cleaning process CI are shown in drawing 1 1 (b). It is SF6 
about the resultant which is a chisel and adhered to the up electrode, the lower electrode, and the wall of 
an etching chamber. It is the process removed by used etching. Since the resultant of Si02 system which 
adhered to the etching interior of a room etc. at the etching process El according to this cleaning process 
CI is removed, in a next etching process, it is possible to prevent deposition in the etched section of the 
foreign matter which considered exfoliation of the resultant adhering to the etching interior of a room etc. 
as the reason. 

[0036] Then, it carries out for 20 seconds after the cleaning process CI on the conditions which show the 
seasoning process SI to drawing 1 1 (b). This seasoning process SI removes adjustment of the ambient 
atmosphere of the etching interior of a room, adjustment of substrate temperature, and the suspended 
matter of the resultant etched at the cleaning process CI from the etching interior of a room. A substrate 
is returned on the lower electrode of an etching chamber after activation of this seasoning process SI. the 
etching process E2 is performed for 1000 seconds, and a predetermined trench configuration is acquired. 
[0037] By considering as the process flow shown in above-mentioned drawing 1 1 (a), since the resultant of 
the etching interior of a room is removed, the effect of the foreign matter at the time of etching can be 
reduced, generating of Black Si can be inhibited, and the product yield can be raised. Moreover, since 
substrate temperature and the ambient atmosphere of the etching interior of a room are adjusted by the 
seasoning process SI, the etching process E2 which is a back process of the seasoning process SI can be 
performed promptly. Moreover, if these purposes (removal of the suspended matter of a resultant, 
implementation of the prompt etching process E2 after the seasoning process SI) are filled, it is possible 
to change the monograph affair of the seasoning process SI shown in drawing 1 1 (b). Moreover, in order to 
remove the foreign matter which floats to the etching interior of a room, and the foreign matter which 
adhered on the substrate, a purge process may be added to the process flow shown in drawing 1 1 (a). 
Moreover, at the above-mentioned cleaning process CI, it is SF6. Although used, they are 3 nitrogen 



.fluoride (NF3). Even if it uses, the resultant adhering to the etching interior of a room is removable good. 
[0038] (The 5th example) The description of this example is the point of having carried out by having 
divided the etching process into multiple times, and having established the purge process between each 
etching process. As an example, the process flow in this example is shown in drawing 12 (a). It is the 
etching process El at the conditions shown in drawing 3 by this example 600 After carrying out during a 
second, it is the purge process PI 300 It considered as the configuration which carries out during a second 
and performs the etching process E2 for 1000 seconds on the same conditions as a process El after this 
purge process PI. The presentation of the gas used in the purge process PI is the same as the 
presentation of the gas used at the etching processes El and E2, and shows the conditions of each gas to 
drawing 12 (b). Gas was passed in the condition of not outputting RF power, but considering as the 
configuration which does not generate a magnetic field at the purge process PI as shown in drawing 1 2 (b), 
therefore not generating the gas plasma. 

[0039] Thus, by performing the etching processes El and E2 divided into multiple times, the etching time in 
each etching processes El and E2 can be shortened, and the yield of the foreign matter in each processes . 
El and E2 can be reduced. Moreover, since etching is performed at the former in the condition that the 
foreign matter 5 floated the inside of an etching chamber 301, and the condition of having adhered in the 
trench 3 as shown in drawing 13 (a) Although insulating separation of the both sides of a trench 3 was not 
able to be carried out since the foreign matter 5 in a trench 3 functioned as a mask and black Si 4 was 
formed Since the foreign matter 5 which floats the inside of a substrate front face or an etching chamber 
301 is removed by dividing an etching process into two or more processes El and E2 as shown in drawing 
13 (a), and establishing the purge process PI between them as shown in drawing 1 3 (b), It is possible for 
generating of Black Si to be prevented and to carry out insulating separation of the both sides of a trench 
3 good. Since the yield of the black Si 4 in trench etching was reduced, the yield of the insulating 
separation by the trench was able to become about 70%, and was able to make it improve sharply by this 
example, as compared with about 0% of yields in the conventional production process which does not 
establish a purge process, as shown in drawing 14 . 

[0040] In this example, since it is the same as that of the gas presentation in the purge process PI , a gas 
presentation [ in / for a flow rate / the etching processes El and E2 ], and a flow rate, it is possible for 
the ambient atmosphere of the etching interior of a room in the purge process PI not to be different from 
the conditions at the time of etching, to be promptly stabilized from the beginning after the purge process 
P1, and to perform the etching process E2. Moreover. F of a low selection ratio [ without using the gas of 
02 systems which contribute to formation of the low conditions of a selection ratio, i.e., a protective coat, 
in order to heighten the purge effectiveness, and Br system which contributes to etching of a substrate in 
the purge process PI ] It is good also as a configuration which purges by the large flow rate using the gas 
of a system. Moreover, although effectiveness of a purge is so high that long duration operation is carried 
out, since the temperature of a substrate may fall and an etching property may change, it is necessary to 
set the execution time of the purge process PI as the range in which substrate temperature does not 
change. If it is the range which fulfills these conditions (change of the ambient atmosphere of the etching 
interior of a room, and substrate temperature), it is possible to change purge time amount. For example, 
time amount h of one etching process It receives and purge time amount can be made into the range of 
0.2h-0.8h. Moreover, since the etching process was only divided in time when the purge process PI could 
be set up like this example so that an etching property might not be influenced, in each etching process, a 
property required for trench etching, such as the homogeneity of a high anisotropy, a high selection ratio, 
and an etch rate, is maintained. 

[0041] Although considered as the configuration which etches on the conditions shown in drawing 3 in each 
above-mentioned example, etching conditions are not limited to this. As conditions to which trench etching 
is carried out good, it is HBr. A flow rate is 10 - lOOsccm and SF6. For a flow rate, 1 - lOsccm and the 
flow rate of SiF4 are 0 - 20sccm and helium/02. A flow rate is the range of 2 - 20sccm. Moreover. RF 
power is mentioned as conditions with the range good [ the range of 200 - 600w, and flux density ] of 0 - 
100G. moreover — although considered as the configuration which etches on the conditions shown in 
drawing 2 in each above-mentioned example — HBr etc. — the gas containing a bromine, and SF6 etc. — 
you may etch using the gas which consists of the gas containing a halogen, and nitrogen gas. By this, 
etching of a substrate progresses by the gas containing a bromine, the etching residue is volatilized by the 
gas containing a halogen, and it removes, and is SiN by nitrogen gas. It generates, the side attachment wall 



of a trench and Si02 are protected, a good trench configuration is acquired, and a selection ratio can be 
raised. 

[0042] Moreover, it is good also as a configuration which etches using the gas which consists of the gas 
containing chlorine or chlorine, and the gas containing oxygen. It is possible to make an etch rate increase 
by the gas containing chlorine or chlorine, to be able to form a side-attachment-wall protective coat by the 
gas containing oxygen, to be able to raise the selection ratio to a mask, and to form a trench at high speed. 
What is necessary is to stop and to perform only supply of power at a purge process, corresponding to 
change of the gas presentation used for such etching, by a presentation and a quantity of gas flow 
e.quivalent to the gas used at the etching process. Moreover, at a cleaning process, it is SiN. Or SF6 which 
etches the resultant of Si02 system Or NFS What is necessary is just to carry out using at least one kind 
of gas. Moreover, although the dummy substrate in which Si02 film was formed on the front face was used 
in each above-mentioned example, for example, a quartz substrate etc. can be used except [ this ]. 
Moreover, in each above-mentioned example, it cannot be overemphasized that it is possible to add the 
process of plasma stabilization and flow rate stabilization between each process. 
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@B3O5 3&5*0. C<DTSPm@3 0 5CC*HR<bT*S 10 
«3 0 8^Beab. :^'X^AP3 0 2 J:0TiBtca--^-5> 
j:.^;5l^>i^:^'X3&5^A5n. 3 0 3 eSfW 3 tl 

d^siS^2±cc?^^3nri5 0 (0i5#fig). tJ'^v 

:7-3 0 9 (05#M) tc<t9@^3n«>o SS3 0 4. 
3 0 5 raccttiSSifimias 0 6 J: D 13 . seMHzCDm:^*^^ 
H&^ti. mas 0 4. 3 0 5rar:^x:/^x-7;j)i^or 

S«3 0 8(D3:5^5^>i5<Wf^ia€>o 1^. CORIE^g 
»Xv^>4^^3 0 1<0S»3{C^^^^ h3-fJl/3 0 7 20 

[ 0 0 2 4 ] ±ffiRIE JSBiC^Jt^r . mi^fcoLv^l^^ 
HBr , SF, <hSiF4. ^M^hH^':^^^t^O,io 

[0025] *IIJ6Wr«. -«(coS««:*fr 4x -5. ^ 30 

0!l<bur. S2Jc**I6Ca|K:*5t:rSX?i:7D-4^-ro 

5^^>t5^S«3 0 8*X5^^>d?^M3 0 

l^fflCT) ^ ^ -Sffi^Sffi 3 0 8 0^0 /cfigCCffig L . 

>yXflCLl«. ^ ';--x>yxiiC 1 ?:8 OSfaltf 
o/c^. ->-Xx>i^XfiS l«r2 0#fflm\ 40 

j^-i>:L^p 1 46 oSfatT^^ifiSiL/co 

[0026] SXHC 1 . S 1 RO'P 1 tC:teC:f ^JUfe^ 

ft=*H4w:7S-r. H4{C7FSn'5<fc^cc, ^y-x>y 

X?iCir«. :^'XffifiX«SF5 (D^-C&O. iSP^SS 
0 4. TSBmS3 0 5. x-y^>:2/m3 0 1 CDrtSS^^ 
^ -5 3 0 9 iC#^ l//cSJS^lS;«5%SF, *ffll^/cx 

XgC 1 tc<i:0. x-y^>i5/*{cx»:.5^>^^3 0 1 p»1 

<DS«©X ^> d^t}3tC. X :i ^ > 3 0 1 F*9CC-W3g 50 



xfis 1 X -y^>^^frcc®mL/c:tf;^^S^-e?f 

C\ x-y ^>i^^3 0 mO^H^CDIiM. SSSSCD 

iSisscj^ie?';-x>:5/xsc 1 ccrx«^5^>yu/csx& 

^iB5C!)x *:;^>^^3 0 m3&^e>C7)l^**?f 

SiF.. 'SLUQ,(OiiX^i^m^'pt^<h. mfc(iC^^ri> 

b/co >'^•-^:^xliP 1 lit. v'-xxv^xss 

[ 0 0 2 7 ] ^U-x>^#ffl<D^5- 

;«7X». siatC*fr-2>X''^^>^3ia[J:OsiCC*f-r^x 
^^>yiSK<o:&3&s:;*:*c^<D'C. sm^^m^^^^t. si 
S«(Dx^y^>t^ccj:D5F.*^rSa5nr. SJC^^J 

[0 0 2 8] :^lliSfi^'C«. df^-mmt. SiS«*^ 
K<kUT0.95/im (DJl^CDSiQ^ J&^J^^. CVD ffitC J: 0 

QiCr)HIJOS«. tJ7';-x>:^XgC iri250A. 5^-X 

x>^xss i-cisAr^o/co c<Dfc^. ^^--mm 
mr. 1 5EicDtsc*d'U-x>ifxgtcfieffl'r4c<b 

[0029] Se5fer«. H5 (a) tC^r^fc^tC. 
>:/3 0 9 CC^ DS«3 0 8 4@^L/ct^^rx v^ly 
^«r?f5i. 135 (b) WlinT <fc ^>CC. x-^^Vi^iftC 
x^.^>^S3 0 1 (^^>:/3 0 9±*Stf) F»i«:S 
Jtv^JK3 3 1 0;^)5^SL. ^(DJxm^m^S 1 OCDfJgl 

Sffi3 1 1 ^fflc^Tti^S^c^y-x^ytCcfcorjgjS 
^iB53 1 0*x-y^>yT&CitC<fcO. 05 (c) 

w:7j^-r<t^w:jsis*^ia3 1 o:i&5«a'ii-r. >'^•-7"-f 

x-y^>t5^ii*ig«'C*4» H6». 2 5SOSS3 
0 8;&^e>lS'5> 1 KOK^>f xt'^>iJ/t^7StC*5Ci 
^57^>:/3 0 9±C0Jgj£^^«53 1 0<D«fSMlS 
0.3 umlil±(0:/^^^<0^^-7'^ ^)\^(DmWLt^7ri 
b/ciftWH-C&So St*t?«. ^^>:^3 0 9±CDJ£C^ 



(6) 

9 

*SliS«^-C». 7 >7'3 0 9 (DrtS«:cr)i^JSJCc:.Sfe^^ 
3 1 Oifiimi>. ^-C-f"^ 4'^VtJ!W30(l{C(£jlS-e*fc. 
[0 03 0] (^211*609) *ll*fe«^<D#8![B. 2eii§ 

o-Ct**. t5^5";-i>4'XSCL2«. 3Sli"J- 
->i'XgC2 1, m2-S>V-=->ifXmC22. iy- 
X=- > S 2 RCI'-'^- i^'Xg P 2 *5Ji@«:S«f 3 tl 
5. SXgC2 1. C2 2, S2RCfP2ri3:. ^131 
ifePJ i |5|«IK:x 5=- > i^ODi^T L- fcSffi 3 0 8 *ix t. 9^ 
>yM3 0 11*3*^61X0 asn. f^t>»){C^r5-S«3 

1 i^rKgor^fsn*. 

[003 1 ] S8«, SX?iC2 1> C2 2. S2Raf 

P2<D^fr4n^i/fcia-c*s. IS 1 e7';-->iyxgc 

2 1, i'-X->i'XgS2Ry^-'<-i^XgP2«. ^ 20 

n-eti^ 1 iQS0j{c*jW4 >; i^xgc i . 5^- 

Xx>i/XfiS IROf-'N'-t^XfiP 1 <!:i^-cD^ft=K:ig: 
S3tl-CI,>S. »2i'iJ-x>d/xmC2 2». Uli' 
";-->i'XgC2 l{CJt«?U-C. ffiJE. il5RF>'^•'7- 

[00 32] 09«, i/';-^>i'©^ft^ (EEi^RU^Nf 

^«:*sWSd/7>7'3 0 9±«:^@L//cSlc;^!^3 i bo 
o©i^«ia*^L/fcM#ia"c*4. c<Dia«:m6n* 
<fc5{c. lli^'>i-->i''XgC2 1 -crat»fclI:^(3oo 
inTorr)T-C©x 5» > d^/c WC«. 7 > 3 0 9 ©rt 
S«CStC^fi!E«»3 1 0*J«S. 112 >P ')-^>if 

C 2 2 -Cfflt^/clE^ (lOOinTorOTr© i 5^ > ^/cWT 

«. -7 > :/3 0 9 ©n^ «J:m©fflMSP«cjSfc;^fiS;!B) 3 
1 0*^-5. C©M*J:»), iaE^-C«. 

^©tf^^a5©iiw^©^^(cw5giT?*s*i. iaffl©:?'^ 

Xv?BS7!»sffiaa-r -S/cA^aSBtcJoW *liffl!B5©^**s 
T-rtf ^^li' 'J-->d'IgC 2 1 <!:. ffil^fl^T-C 

?f^m2d?';-->i'xgc2 2 tim^-^t^mct 

{Ci 0 . X 5, > *fSF«9©ita«)?:S5!)^J: < H^* BJtgr 
[ 0 0.3 3 ] {gff^f*:-C«. X y ^>{fm<D<P^-C<Dm 

«±-c©siQ©X5>^>i'jlSfc:^lf <nc-5. COfc 50 
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J*. x-^g^>^B$pHi{i£^S/M!g«:-r?.c<tAsa$u 
2|E5ISi«^t?{i. m 2 i"; -X >i/XgC 2 2 ©SSfFb^ 

J:«)0.95nm©SiQ,*Ji5fiSU *©g. CVD^i:»)2 

Mm ©SiQ,«rf$ES;L/c««=SrfflC»/c. :^]5S{«I«:*5t^ S 
y -x> ^XgC L 2 -C©SiQ, ©iitifitt 1 lel^ 

ytOissoA-cftoyt. cofc*. d's-StotJtr. is 
motifs 1? ";-x>>^xfiCL2K:ffii,^sct*s-r* 

•5. C©J:^«:. 2|gPg©^'y-x>^XfiC2 1. c 
2 2=&l9:i:f^)Citcj:o-r. 0 6K:^S4a-5J:^«c. i/ 
7>:/3 0 9±{Ciiao/cSl6^«J3 1 0«S«-CFg 

sillitemos^tcfijgiT^/c. jsa. *iU609-c«, 
0 1 -x> i«rxec 2 1 *ii5ffrtTiv »2 - 

x>i/XeC2 2*<£BE-Ctf-7;fc3!)i. ^li";-x>i^ 
JMC 2 1 =Sr{aE-Ctf 112 V - x> ifJMC 2 2 

[0034] imsmmm) *iisst^-c«. n mo 

U - X > i^JcSffl L /c,>±i «:!j#Si*i* c ©o f h H 

5^>4'^rt*>?)aiota3n. f^tsocc^s-ssdsx-? 

hrai"J-x>yxgR 1 lUv \'<D¥'7^x.p9- 
iB)©K^SK:ffl0iP.n-5.o c©i'y-x>yxSR l©7 

u-itm 2 ^ss«?aip«ir* D . sx^©^fr40 1 0 
{cs^f. ai otc^sn-sjc^jc. iefE©mi i";-- 
^d^xg. i£)i©^2e?';"X>yxg. ->-xx>e/ 
x^isu^-'^•-s^xfi*lJlH^xll^f^nic<!:-c. Xi»5^> 

d'Ml^©Sft:^^«»* J: D ^tci^^-rs C tifi-cit 
-5. C©m3SISfi0d<t, ±ia©^lXttll2|U5fet^i* 

*J:»)JS!imW«:M^*-C#€.. cn«:j:0. Se3^r». x 

[003 5] {^Ammm) **fiS09r«, si^ihuc^ 

f93txfc.x,>9^>4^XSra(cx-^^>d^^3 0 lrt«:# 

« L fcmt^SEim^miit ixg*sw i c t tc j: o r 

M!^©tft i 9^ > rygP'^©«aa*(Sjll?3 -tt S J: ^ «c 0 
/c.^,{C!^ii*i*>S. 011 (a) W^^mMmviidlrl^lL 

■cx^»^>i'xeE lieoo^i'ramv c©«. 

%8(«>fatf^>. c©4'y-x>i^xsci©^«. 0 
11(b) K:^n3*i-SJ:'5tc^;^ttfiS;«SF. ©i^r* 
0. ±gB^S. TSPSffi. x^r9^>4/S©rtll«C<^«b 
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ifJME 1 (cr X ^^^i'Srt^tc^^^L'/cSiQ.m^JS 

( 0 0 3 6 ] iKi.^T. d'y-x>yigC 1©1^. 
X=.l^ifJMS l^Sl 1 (b) {C7f^f^f^:(C-r20l^>P^ 

tf^. c©->-xx>i/xgs 1 «> xyg^>yart© 

C 1 «:-Cx-^g^>5/L//cSIc.^^!g)(D?*jafj*x-^^> 
©f^. ««^x^r5^>;^^©TS|5mS±iCKU, x.^5^ 

> i'xg E 2 %looo»ra^f Bfs© h u > ^m^^n 

(0 03 7] ±ia©Sl 1 (a) tC^-rXg^P-tt- 
x-^5^>d/^«:teWSM'^©^S*{gMt?#. 

-cifs. X. i^-xx^i^-xes itcjroasiasscjf 20 

x-^5^>i/grt©#H»*iill||3nS©-C. 5^-Xx> 

d'xgs 1 ©mxg-c*ix 5^>yxsE 2 

>i^XgE2©SI5fi) 011 (b) tCTj^S 

n^, 5^- xx > i^xg s 1 ©s^fefi=<&g:ji-r -5 c i «Bi 
te-c*i. X. xv^>i'Srt{c}?i!^ssi^-^>»ffi± 

{Cft«U/cS'^4K^*-r5fcJ?)tC, SI 1 (a) lX.mt 
n-SXg7B-{c>'s-s^xii€rtt]^rfcJ:c». X. ±iB 

©4"J-X>yxgC 1 t?ttSF. *ffll,>/c*S, =7c><k 30 

^CNF,) *fflt»rfcx?.9^>^^K:^:tSUfcSi£:* 
[0 03 8] ***feWI©!!$«», x-^^ 

«:>'>--e-?xg?riS;wfc,HS-c4>S. — fi^tur. si 2 

•Ctt. 03 (C^-r^f{=-Cx 5^ > d/Xg E 1 ?r600 f*ia 
tfoytf^fC. >'^•-^^XgP 1 ^300 ^ratfCK C©''^•- 
i^XgP 1 ©gfCXigE 1 ilHl— ©^fr-Cx V X 
aE2*iooo«>fflff5«fiR<!:Lfc. /^•-i;XSP IJCte 40 
C^-Cfflti6n/c:t/X©ififiS«. Xi»5^>i/XSE 1 . E 
2-CfflC>6n/c;«/X©iBfiSi|5l«|-C*»3. S:</X©^ft= 
*01 2 (b) txim-t. HI 2 (b) tcjnStiii'SK: 

^•i-'JTMP\'C\t. RF-'^•■7-*ta:»^•^^-r. ati^s^ 

{0 03 9] C©J:5CClg»ia«:^3tifcx?;5^>i^ 
XgEl. E2=&tf ^CitCj:*), #x-^9^>e/XgE 
1. E2{C*JWix-y5^>y^K?:^-r^>C<!:*ir 

&XgEl. E2(C4sl:f^S!^^fi«iS)li-C# 50 
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•So X> ee*r{*. 013 (a) «:^-r<fc^«:S«j5*s 
x,,^>i/S3 0 lF*3*?*aiU/ct»i.®-?>. hU>^3l^ 
tc^« b /ctt.®-cx ^7 9^ > tfm=7i:>in SfcJbK . h u > 
5^3rt©^fj5*iv;^i;<!:Ur^t6U, :;^vyi'Si4*S 
Jgfi£3tl-2>/c». h U>5^3©P5ttiJ?rite»^{8-r^.C<!: 
ifi-C^Uifi-yfciiK 013 (a) {Cth-T J: ^tcx i» 

i'xg*a»©xsE 1 . E2«c^u. ■e•©ra^c^^•- 

i^XgP 1 ?rg:WSCi«:J:or, 013 (b) iCTTcT 

J: ^ (cas^H-^^x 3 0 1 rt*?*ja-r 4^iB3 

5*iK^$n4/cJf). :/'^-^i'Sl©^*siW±sn. h 
U>?^ 3 ©Mffl>l4ASf K:ite!B^^T.5 C <b *ipJtgt?«. 
■S. 2|i^tSW«:j:0. h u-i/g^x-^g^^i/icfew^:/^ 
--»d'si4©^S*ffi«-c^r-Sfc*, 0i4«:7n3n-S 
Jr^tc. hu>5^(cJ:.£*aig^SS©*a»5*s«fj70XiiS 
•3 . VN-- i?xg*g:i^ ^ci, ^fi£*©mxSK:*jCt S^a 

[0040] 3(i:SlttW-Ctt. -'^-i'XeP 1 tc*jt*.5:«/ 

;^ififiSSc;fifefi=&x-^f^>i/'xgE K e 2«:*jit-S;«/ 

XiffifiRSC/SSSiPl— ^1/-^^*©^. v'^-i^XHP 1 

(ctei-t * X 9^ > d/^rt©#H»*«x 9^ > 

i^to-S C tifiU < . /s-t;=XgP 1 t^{ciS-?>*iK:B.-:> 

s»]*>e)^:£o-cx i^xgE 2 =&iiif r 4 c i*^ 
njfi6-c*s. X. -'<-s?xgP 1 «:*j«,>t:. 

J&iS»Sft:*CC. ilJRJt©(St^^ft^. iip-^«gag©JI5fig 
tC^-^-r-5.Q,3R. SUfSS©x->g^>i/{caFJ^T-5.Br« 
©:^;X?:flil,>-r«:fijMeRJt©F Jg©:yx*ffll»-C:;*cfi£S 

■c^^-s>*^f^flte!^t^r^>J:^,>. X. -'^•-i>WSl^la 
9^>iy!^*j^<b-r^pjfi6tt*«*-5©^. 

^bU«c^»«ffltC/^•-i?XSP 1 ©S^fK5Fffil«rl93e^6eiJ 

s*i*€.. cn6©^feft= (x^,5^>d^^©#H^. m 

H-r-sci^jpifig-c**. m«. io©x-»^>i<x 
g©B#rah {c^^or. /s-yB$ra*o.2h~o.8h©ffiiB{c 
•Thctifi-c^i,, X. ^HSfimJc-^K:. x-v^y^ 

X ^ > i^xgiiffi^raffdic^Sds tv/cfcwft©T. 
sx -j/^^-^i'xgtcfct^r. -^mis^. i^mm.. x^ 

5^ > i^aS©i^— ttJ^: i'© > ^'x ^ > 

[004 1 ] ±iasilJS«^-c». 0 3 {c^n-r^ff-cx 5> 
9->^^t=T'>n^ti^fcifi. x'^g=->y^m*cti(cR 

3e3ns*>©-c«i^j:«,». ^»K:>u>^x9^>y*itf 
t)n.2>^ff=<!:L/r> «^A«HBr ©i£S«10~100scan . 
SF, ©SSa«l —lOscon, SiF,©g£fi«0 ~20sccir He 
/Q, Syi»2 ~20sccm©®fflt?*2). X« RF^^'•7— » 
200 ~600w©®H. M^IBSIJO ~100C}©®H*iaSf^C 

^iUr^t:f64aS, X. ±tBS^SSWc«. 02 «: 
^•r^-CX^»^>i^«:?f ^^fiSiOfcj&i. HBr^jri'© 
^*Stf//Xi. SF. «t<!f©-'>Ciy>7ciR«rdtf/fX 



(8) 



13 



siN ^^^u. hu>^<Dm^JSt,zj^sio,immo. m» 
[0 04 2] X. i^mx\tfum^^t^:^':^t. mm^^ 

Mmxh\y>=f'i:m^-r^Ctf)^oimx$>^o CCD 
<t ^ ttx ^> Steffi 1^6 n-S :^>^fflRS<D^{tCCitj£ L 

[02] :^mM<Dm-mmm(icmt>^tmi^v-^:^^f 
ms] :^^m(o^mmm('mt>^:c y^^^^^^m so 
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[07] :^Hm<om2m^m^%t>i>«m^ 

[0 8] *^§ao[:>^2*5S0fl«:46H*^^i t5''j-^> 

[09] ^ ^B#tc4oC:rSBE^J&0'B#Pai. SfE 

[010] *«?acDm3llJS^CCfcC:f^^l d7y-x> 

[011] 2|s:^IB<3[)Sr4IISfifi?«CC43t:f«>Xli:7n-. ^ 
[012] :*:^58<OS5llSfiWW:*$l:f ^XS^^n-Rcf 
[013] :t:mM(Dm5mMmf^0^t>i h U>^J&J0E^ 

[014] :i^^m(Dm5mmmimtmtfc^i^^^@ 

[015] ^!B3<D^^«tcj:S:r^yi;$^ya>(D0^5a 
?S*S^L//c«^0o 

3 0 1 x^^^>i/^ 
3 0 2 :^':^^Aa 
3 0 3 gf^D 

3 0 4 ±gpmg 

30 5 TSPmS 

3 0 6 M^iSSM 
3 0 7 

30 8 S« 
30 9 

3 1 0 Rjce^^ 

3 1 1 ^^-l 



mi] 



[02] 





ai 8 0ii> 
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6 0 


6 0- 


SF, 9UI (ran) 
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SiFt 81ft (scan) 


2 




SiF4 aSS (soca) 
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SF« 9!tS (scca) 



SiF4 8ft& (scca) 



iWDt (scca) 



RF/<^7- (I). 



(nTorr) 



(0} 



8 0 



8 0 0 



3 0 0 



2 0 



SiOt Bf^Si 



6 0 



8 0 



3 5 0 



1 DO 



2 0 



SiO> Rf^Si 



1 5 



60 



1 0 



6 0 0 



10 0 



6 5 



sio. mmi 



20 
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2 0 



1 1 5 



60 



110] 



IBr 3E& (scan) 



(spcn) 



SiF« » (seen) 



H»A)i m (seen) 



(I) 



BE* 



CoTorr) 



(G) 



8 0 



4 0 0 



2 0 



30 0 



8 0 



3 5 Q 



1 0 0 



2 0 



siOi must 



60 



BO 



1. 6 



2 0 



6 0 0 



10 0 



6 5 
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El 
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60 
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80 


2 


SiF« atft (soon) 






Hb/0, am (seen) 




10 


RF/<7- (W 
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